The implantation was performed by a hot press with a vacuum furnace (JTT, Japan). The substrate with the spherical HAP ceramics adhered on the grooves with HP-500 vacuum grease (Dow Corning Asia, Japan) was set between upper and lower silicon nitride ceramics dice, then set between unconfined compression stage in the vacuum furnace (Fig. 1) . After the evacuation of the vacuum furnace up to 0.4 Pa, the vacuum furnace was heated up to 1173 K at a heating rate of 573 K/h. At 1173 K, the dice with the substrate was loaded at 0.05 kN/min up to 0.25 kN and held for 5 minutes, and then loaded at 0.075 kN/min up to 1 kN and held for 5 minutes. The HAP-implanted substrate was washed by ultrasonic washing machine for 5 minutes.
The surface and the cross section of the HAP-implanted substrate were observed by a light microscope.
Cross section of the HAP-implanted substrate was prepared by a low speed diamond saw, then polished by diamond paste. Eight spherical HAP ceramics were successfully implanted in the surface of the substrate by the loading up to 1 kN at 1173 K (Fig. 2) . The implanted spherical HAP ceramics returned to its original color by the 5-minute ultra sonic washing.
The spherical HAP ceramics were slightly exceeded the periphery of the substrate, providing the surface of the substrate with HAP spots (Fig. 3) . In like manner as the case of spherical HAP implantation in the flat surface of pure titanium 15,16,17, only infinitesimal titanium moved over the upper hemisphere of the spherical HAP ceramics. Therefore, major HAP-locking factor was considered to be friction between the spherical HAP ceramics and the substrate.
Shaping HAP ceramics into spherical shape enables the HAP ceramics to be screened in narrow size distribution. Spherical HAP ceramics in narrow size distribution could contribute to prevent stress concentration on a certain spherical HAP ceramics, resulting in preventing cracks in the spherical HAP ceramics.
Pure titanium below the spherical HAP ceramics was deformed along an external shape of the spherical HAP ceramics without cracks and major gaps between the substrate and implanted spherical HAP ceramics. In like manner as HAP coatings, even well-sintered HAP ceramics will gradually dissolves as the time 
